Major depressive disorder (MDD) is a heritable condition (h 2 = 37%) 1 and a leading cause of 4 0 disability worldwide 2 . MDD is clinically heterogeneous and comorbid with a variety of 4 1 conditions and it has been hypothesised that this causal heterogeneity may have confounded 4 2 previous attempts to elucidate its genetic architecture 3-5 . We applied a relatively new technique, 4 3
MDD and tested whether evidence of subgroups for these traits could be detected within our MDD 6 7 cases. Further information regarding the 34 traits and their sources is provided in Supplementary 6 8 Table 1 . For the traits anorexia nervosa, neuroticism and MDD, summary statistics from different 6 9
publications were assessed and are numbered accordingly, i.e. MDD 1, MDD 2 and MDD 3. In the 7 0 case of MDD, this allowed us to examine whether different sets of associated loci, drawn from 7 1 different populations and diagnostic criteria for MDD, would form a heterogeneous subgroup within 7 2 our GS:SFHS and/or UK Biobank MDD cases. 7 3 To account for multiple testing, P-values were adjusted using a false discovery rate adjustment and all 7 7
reported values have been adjusted 14 . Ten traits showed significant evidence (P < 0.05) of MDD 7 8 subgroup heterogeneity across both cohorts: total HDL cholesterol levels, total LDL cholesterol 7 9 levels, serum triglycerides levels, diastolic blood pressure, systolic blood pressure, pulse pressure, 8 0 alcohol consumption, migraine, eczema and MDD 3. Four traits: Alzheimer's disease, neuroticism, 8 1 schizophrenia and being a 'morning person' were identified as stratifying traits within one, but not 8 2 both, cohorts. The subgroup heterogeneity P-values obtained within each cohort and for each trait are 8 3 shown in Table 2 and We also examined a number of developmental and personality traits due to the impact that depression 1 5 0 can have on social interaction and feelings of self-worth. Evidence of subgroup heterogeneity (P = 1 5 1 3.20 x 10 -15 ) was only found within UK Biobank for neuroticism 2 drawn from the Smith, et al. 28 1 5 2 study. The neuroticism 2 trait had a much greater number of associated loci compared to neuroticism 1 5 3 1 and therefore neuroticism 1 may have been underpowered to detect an effect, but this is also 1 5 4 dependent on the effect sizes of the associated loci, the number of MDD cases and the size of any 1 5 5
subgroup. There are similarities in the way that individuals respond to stressful events between 1 5 6 neuroticism and MDD and it may be the heritable component that underpins this response that is 1 5 7 driving the observed subgrouping within UK Biobank. 1 5 8 ≥ 0.05) for subgroup heterogeneity according to 1 7 0 these traits in the current study. 1 7 1
The two cohorts used in this study reflect a subsample of the UK population, with additional steps 1 7 2 taken to ensure that were no overlapping individuals. An MDD diagnosis was made using a structured 1 7 3 clinical interview within GS:SFHS, whereas UK Biobank cases were defined by a number of self-1 7 4 reported measures. A broad range of traits were assessed and the selection of the summary statistics 1 7 5 used was based on the number of individuals analysed, the availability of summary statistics and 1 7 6 publication date. Buhmbox measures the correlations within cases, which is independent (or 1 7 7 orthogonal) information from the effect size (personal communication with Buhm Han). Therefore, 1 7 8 UK Biobank was able to be used to obtain the summary statistics for neuroticism 2, alcohol 1 7 9 consumption and the blood pressure traits, and then also used to assess the existence of MDD 1 8 0 subgroup heterogeneity. The population-based UK Biobank 13 (provided as part of project #4844) consisted of 152,249 2 3 5 individuals with genomic data for 72,355,667 imputed variants 44 . This was the standard data release 2 3 6 available to all approved researchers of UK Biobank. Detailed information regarding the imputation 2 3 7 procedure 45 and initial quality control 46 are provided elsewhere. In summary, phasing was achieved 2 3 8 using a modified version of SHAPE IT 2 47 with a combined reference panel of 1,000 genomes phase 3 2 3 9 and the UK10K haplotype reference 48 panels and the IMPUTE2 package 49 used for imputation. We 2 4 0 applied an infoscore threshold of ≥ 0.8 which left a total of 24,467,210 variants. We removed 2 4 1 individuals listed as non-white British and those individuals that had also participated in GS:SFHS 2 4 2 identified using a checksum approach 50 using genotype data.
4 3
Of the remaining participants, 25,035 had completed a touchscreen assessment of depressive 2 4 4 symptoms and previous treatment. We used the diagnostic definitions of Smith, et al. 51 and defined 2 4 5 case status as either 'probable single lifetime episode of major depression' or 'probable recurrent 2 4 6 major depression (moderate and severe)' and with control status defined as 'no mood disorder'. This 2 4 7 provided us with a total of 8,508 cases and 16,527 controls (34.0% prevalence) within UK Biobank, 2 4 8 which is greater than that observed within GS:SFHS. 2 4 9
Statistical Approach 2 5 0 Buhmbox v0.33 6 was used to conduct the statistical analysis and this package requires raw genetic 2 5 1 and phenotypic data (disease A) and also summary statistics relating to the additional disease and 2 5 2 quantitative traits for testing (disease B). The disease B associated loci were drawn from either 2 5 3 published material or from personal communications and are detailed in Supplementary Table 1 .
The pruning of disease B associated loci was conducted using Plink 1.90 52 and the --indep-pairwise 2 5 5 command. A 50 variant window with a 5 variant sliding window was applied to the summary statistics 2 5 6 and pruned any variants with an r 2 > 0.1.
5 7
For GS:SFHS the first 20 principal components were derived from the genotypic data using GCTA 2 5 8 v1.22 42 and these were fitted within Buhmbox to account for population stratification. For UK 2 5 9
Biobank the first 15 genetic principal components 53 were fitted. Buhmbox examines whether there is a 2 6 0 
